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It  has  been  established  that  the  extraocular
muscles  of  several  mammalian  species  possess  two
different  types  of  muscle  fibers,  twitch  and  slow
fibers,  with  distinct differences  in  their  respective
fine  structures  (1-8).  In  this  investigation  we
have  examined  the  fine  structure  of isolated  and
identified  extraocular  muscle  fibers in  rabbit.
Though  there  has  been  general  agreement  on
the  differences  between  the  fine  structures  of the
two  fiber  types,  it  remains  unclear  whether  the
slow fibers  are  characterized  by an  M line.  Extra-
ocular muscle  fibers in  rhesus monkey  which have
fine  structural  characteristics  similar  to  those  of
slow  fibers  in  frog  skeletal  muscle  have  been
reported  by  Cheng  and  Breinin  (5)  and  Miller
(6)  to  lack  an  M  line,  whereas  in  cat  such  fibers
have been  described by Hess  (7)  as clearly  possess-
ing an M line.
Thus  the  morphological  definition  of  slow
fibers  in  terms  of their  fine  structural  character-
istics  has  varied  in  previous  investigations.  Ac-
cording  to  Hess  (1,  7),  reliable  criteria  for  the
identification  of slow  fibers  are  irregular  and  ill-
defined  myofibrils,  a virtually  absent  T  system,
zigzag  Z  lines,  and  rudimentary  postjunctional
folds.  Page  (9)  and  Miller  (6)  rely,  rather,  on  the
absence  of  an  M  line  for  identification  of  slow
fibers.
There  is  complete  agreement,  however,  that
slow  fibers  have  multiple  motor  nerve  endings
(1,  2,  6,  7,  9).  In  the present  study,  therefore,  we
first  classified  extraocular  muscle  fibers,  on  the
basis  of  their  motor  nerve  endings,  into  either
singly  innervated  or  multiply  innervated  fibers.
The  respective  fibers  were  then  examined  under
the electron  microscope.
Our  findings  indicate  that  the  fine  structural
characteristics  of the  singly  and  multiply  inner-
vated  fibers  in  the  extraocular  muscle  of  rabbit
are  essentially  similar  to  those  previously  de-
scribed for the twitch and slow fibers, respectively,
in  other  species.  No  M  line  was  observed,  how-
ever, in  the multiply innervated  fibers.
MATERIALS  AND  METHODS
Rabbit  superior  rectus  muscle  was  exposed  under
general  anesthesia  and  fixed  in situ by dripping  4%
glutaraldehyde  buffered  with  0.1  M  phosphate
(pH  7.2)  for  15  min.  Specimens  approximately
10-15  mm in length  and  1-2  mm in thickness  were
then  teased  from  the  surface  as  well  as  the  interior
of  the  muscle.  The  teased  specimens  were  incu-
bated in Karnovsky's  (10)  modified  acetylthiocholine
solution  (pH  6.0)  for  10  min  at 4C, washed  with
0.2  M sucrose  in  the  phosphate  buffer  for  15  min,
and  again  fixed  with  the  glutaraldehyde  solution
for  1  hr.  The  stained  specimens  were  examined
under  a  binocular  light  microscope  and  again
teased  by  fine  glass  rods;  thereby  individual  fibers
were  isolated.  The  cholinesterase  sites  at  the  motor
nerve  endings  were  visualized  by  brown  reaction
products  of  copper  ferrocyanide;  this  permitted
classification  of  the  muscle  fibers  as  either  singly
or  multiply innervated.
Two  types  of  clearly  identifiable  fibers  were  iso-
lated,  by  the  fine  teasing,  for subsequent  examina-
tion  in  the  electron  microscope.  The  first  type  had
single,  large,  and  well-lobulated  endings  (Fig.  1)
similar  in  appearance  to  "en  plaque"  endings  of
the  twitch  fiber  (1,  2).  The  second  type  had  mul-
tiple,  small  endings  distributed  along  the  length
of  the  fiber  (Fig.  2),  corresponding  in  appearance
to  "en  grappe"  endings  associated  with  slow  fibers
(1, 2,  11).
Six  such  singly  innervated  and  eight  such  mul-
tiply  innervated  fibers  were  isolated  and  post-
fixed with  1%  osmium  tetroxide,  dehydrated  with a
series  of  graded  alcohols,  and  embedded  in  Epon.
These  individual specimens were cut with a diamond
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sections  were  stained  with  uranyl  acetate  and  lead
citrate  and  examined  with  a  Siemens  Elmiskop  I.
RESULTS
The  observations  of  muscle  fibers  with  single
(Fig.  )  and  multiple  (Fig.  2)  motor  nerve  end-
ings in rabbit superior  rectus  were  found  to  be  in
agreement  with  studies  in  other  species  (1,  2,  7).
As  regards  the  distribution  of  these  two  types  of
fibers  within  the  muscle,  the  multiply  innervated
fibers  were  observed  more  frequently  in  speci-
mens taken from the surface of the muscle, whereas
the  singly  innervated  fibers  were  more  numerous
in  specimens  from  the  muscle  interior.  However,
FIunRE  1  Light  micrograph  of  an  isolated  muscle
fiber  of  rabbit  superior  rectus, showing  a single motor
end  plate  (arrow)  visualized  by  cholinesterase  stain.
Adjacent  to  this  fiber  is  seen  a  piece  of  another
muscle  fiber.  X  400.
FIGURE  An  isolated  extraocular  muscle  fiber
showing  multiple  endings  (arrows)  distributed  along
the  length  of  the  fiber.  X  400.
there  was  no  distinct  separation  of the  two  types
of  fibers,  and  they  were  observed  side  by  side
frequently  in  both  the  interior  and  surface  por-
tions of the  muscle.
Under  the  electron  microscope,  the  singly
innervated  fibers  possessed  a  straight  Z  line,
clearly  delineated  myofibrils,  a  well-developed  T
system,  and  a  clearly  defined  H  zone  with  a  dis-
tinct  M  line  (Fig.  3).  The  multiply  innervated
fibers  showed  a  zigzag  Z  line,  ill-defined  myo-
fibrils,  and  a  poorly  developed  T system  (Figs.  4,
5).  Although  a  faint  H-zone  was  recognizable
occasionally  in  this  type  of fiber,  no clear  indica-
tion of an M line  was  observed  (Figs.  4,  5).
The  neuromuscular  junctions  of  these  two
types  of fibers  in  the  rabbit  superior  rectus  were
also  found  to  be  essentially  the  same  as  those
observed  in  other  species  (3,  4,  7).  In  the  singly
innervated  fibers  the  terminal  axon  branchlets
were  located  in  a  synaptic  groove  where  the
muscle  plasma  membrane  showed  numerous,
distinct, junctional  folds.  In  the  multiply  inner-
vated  fibers  the  terminal  axon  was  located  on  a
very  shallow  groove  or on  the  flat  surface  of the
muscle  fiber where  the  muscle  plasma  membrane
showed  a few  rudimentary  invaginations  (Fig.  5).
DISCUSSION
The  M  line  has  been  reported  to  be  present  in
extraocular  muscle  slow  fibers  of  cat  and  absent
in  those  of monkey  and  rabbit.  The  discrepancy
might  be  a  species  difference.  Other  species  dif-
ferences  have  been  reported  between  the  extra-
ocular  muscles  of  various  mammals,  such  as  the
presence  of muscle  spindles  in  man,  higher  apes,
cattle,  sheep,  and  goat  and  their  apparent  ab-
sence  in rabbit  and cat.  Indeed, the  M  line  is  not
always  to  be  found  in  the  slow  fibers  of  skeletal
muscle;  it is  absent  from frog  (7,  9,  12)  but pres-
ent in chicken  (7).
Another  possible  explanation  of  the  M  line
discrepancy  would  be  that  multiple  endings  are
present  on  more  than  one  kind  of fiber  (12,  13),
of which  one  kind  may  have  the  M  line  and  one
kind  may  not.  In  the  present  study,  only  those
multiply  innervated  fibers  with typical  en grappe
endings  were  selected  for  fine  structure  examina-
tion.  In  addition  to  such  fibers  with  numerous
and  closely  spaced  endings,  other fibers  with  but
a  few  and  widely  spaced  endings  were  also  ob-
served.  The  latter fibers were  not included  in this
study,  however,  and  conceivably  may  have
194  B  R  I  E  F  N  O  T  E  SFIGIEa  3  Electron  micrograph  of a longitudinal  section  of a  singly  innervated muscle  fiber  (identified
by  cholinesterase  stain)  showing  straight  Z line  (Z),  well-developed  T system  (T),  myofibrils  (Mf) well
delineated  by sarcoplasmic  reticulum  (Sr), and distinct H zone (H, arrows)  with M line  (M).  X  22,000.
FIGURE  4  Longitudinal  section  of  a  multiply  innervated  muscle  fiber  (identified  by  cholinesterase
stain) showing zigzag  Z line  (Z),  poorly  developed T system  (T),  ill-defined myofibrils  with  sparse sarco-
plasmic  reticulum  (Sr), and faint H zone  (H, arrows).  X  26,000.FIGURE 5  Longitudinal  section of a multiply innervated  fiber  (identified by cholinesterase  stain) show-
ing  a  neuromuscular  junction.  A  terminal  axon  (Ax)  containing  vesicles  (v)  is  associated  with  a  nu-
cleated  Schwann  cell  (Nu).  This  axon  contacts  on  the  surface  of  the muscle  fiber  whose  plasma
membrane  forms  only a  few  slight  invaginations  (arrows).  In the  synaptic  gap  are  precipitated  dense
particles,  presumably  deposits  of copper ferrocyanide,  i.e.,  the reaction  product  of  cholinesterase  (ChE).
The  muscle  fiber shows  a  zigzag  Z line and  a transverse  tubule  (T).  X  25,000.
fine  structural  characteristics  which  differ  from
those  of  the  fibers  which  have  the  typical  en
grappe  type of ending.
This  work  was supported  by the  National  Institutes
of Health  grants  Nos.  NB  06152  and  NB  00911.
Received for publication 20  March  1968,  and  in  revised
form 20 May  1968.
REFERENCES
1.  HESS,  A.,  and  G.  PILAR.  1963.  Slow  fibers  in
the  extraocular  muscles  of  the cat.  J.  Physiol.
(London).  169:780.
2.  DIETERT,  S.  E.  1965.  The  demonstration  of
different  types  of  muscle  fibers  in  human
extraocular  muscle  by  electron  microscopy
and  cholinergic  staining.  Invest.  Ophthalmol.
4:51.
3.  CHENG,  K.,  and  G.  M.  BREININ.  1965.  Fine
structure  of  nerve  endings  in  extraocular
muscle.  Arch.  Ophthalmol.  74:822.
4.  PILAR,  G.,  and  A.  HESS.  1966.  Differences  in
internal  structure  and  nerve  terminals  of
the  slow  and  twitch  muscle  fibers  in  the  cat
superior  oblique.  Anat.  Record.  154:243.
5.  CHENC,  K.,  and  G.  M.  BREININ.  1966.  A  coim-
parison  of  the  fine  structure  of  extraocular
and  interosseus  muscles  in the monkey.  Invest.
Ophthalmol. 5:535.
6.  MILLER,  J.  E.  1967.  Cellular  organization  of
rhesus  extraocular  muscle.  Invest.  Ophthalmol.
6:18.
196  B  R  I  E  F  N  O  T  E  S7.  HESS,  A.  1967.  The structure  of vertebrate  slow
and  twitch  muscle  fibers.  Invest.  Ophthalmol.
6:217.
8.  PEACHEY,  L.  D.  1966.  Fine  structure  of  two
fiber  types  in  cat  extraocular  muscles.  J.
Cell  Biol.  31:84A.  (Abstr.)
9.  PAGE,  S.  G.  1965.  A  comparison  of  the  fine
structures  of  frog  slow  and  twitch  muscle
fibers.  J.  Cell  Biol.  26:477.
10.  KARNOVSKY,  M.  J.  1964.  The  localization  of
cholinesterase  activity  in  rat  cardiac  muscle
by  electronmicroscopy.  J.  Cell Biol.  23:217.
11.  CHENO,  K.  1963.  Cholinesterase  activity  in
human  extraocular  muscles.  Japan.  J.  Oph-
thalmol. 7:174.
12.  PACHEY,  L..  D.,  and  A.  F.  HUXLEY.  1962.
Structural  identification  of  twitch  and  slow
striated  muscle  fibers  of  the  frog.  J.  Cell
Biol.  13:177.
13.  BACH-Y-RITA,  P.  1967.  Neurophysiology  of  ex-
traocular  muscles.  Invejt.  Ophthalmol.  6:229.
B  R  I  E  F  N  O  T  E  S  197